MATERIALS AND METHODS
Materials Brazilin (Bl), brazilein (Be), sappanchalcone (Sc), protosappanin A (Ps.A), protosappanin B (Ps.B) and protosappanin C (Ps.C) were isolated from Sappan Lignum which was purchased in Tokyo Market.
RPMI-1640 (SIGMA), fetal bovine serum (FBS) (Biowest), J774.1 (Health Science Research Resources Bank) and BCG (Japan BCG Group) were purchased from indicated sources. Vitamin E (V.E), LPS, N G -monomethyl-L-arginine (LNMMA), N-1-naphthylethylenediamine dihydrochloride, sulfanilamide, 1,1-diphenyl-2-picryl-hydrazyl (DPPH), potassium hexacyanoferrate (III), trichloroacetic acid, iron (III) chloride, linoleic acid, Tween 20, ammonium thiocyanate, and iron (II) chloride tetrahydrate were from Wako Pure Chemical Co., Ltd. (Osaka, Japan).
Animals Five-week-old male ddY mice were purchased from Tokyo Experimental Animals Co. (Tokyo, Japan).
Inhibition of NO Production by J774.1 Cell Line 13) J774.1 cells suspended in culture medium at 5-10ϫ10 5 cells/ml were cultured for 2 h in 96-well tissue culture plates. After incubation for 2 h at 37°C in a humidified atmosphere containing 5% CO 2 , non-adherent cells were washed out and cultured in the same medium containing LPS (10 mg/ml) with or without the test compound for 24 h. The amount of NO 2 Ϫ derived from NO in the culture was determined by measuring the absorbance at 540 nm after mixing with an equal volume of Griess reagent (1% sulfanilamide, 0.1% N-1-naphthylethylenediamine dihydrochloride in 2.5% H 3 PO 4 ). LNMMA, an NO synthase inhibitor, was used as positive control. The absorbance at 540 and 620 nm (background)
was measured with a microplate reader (MPR-A4i, Tosoh, Tokyo). Percentage inhibition was calculated with the following formula: 14, 15) The J774.1 cell suspension in RPMI-1640 medium containing 10% FBS was seeded in 12-well culture plates at 5-10ϫ10 5 cells/ml. After incubation for 2 h, non-adherent cells were washed out and replaced with medium containing LPS (10 mg/ml) with or without test compound. The cells were incubated for 10 h. Total RNA was extracted from the cell pellet using TRIzol reagent (Invitrogen, U.S.A.) according to the manufacturer's manual, and was reverse-transcribed into cDNA using RevertAid H Minus First Strand cDNA Synthesis Kit (Fermentas). The generated cDNA was subjected to polymerase chain reaction (PCR) in 20 ml of reaction mixture consisting of 1.5 mM MgCl 2 , 0.2 mM dNTP, 1 unit of Taq polymerase, and 0.25 mM of forward and reverse primers, using a PCR Thermal Cycler (TaKaRa Dice). The primers for iNOS were 5Ј-CCGATTTAGAGTCTTGGTGAAAGTG-3Ј (forward) and 5Ј-CTGACCCGTGAAGCCATGA-3Ј (reverse), and those for GAPDH were 5Ј-GCATGGCCTTCCGTGTCC-3Ј (forward) and 5Ј-ATGTCATCATACTTGGCAGGTTTCT-3Ј (reverse). PCR amplification was carried out in the Thermal Cycler under the following conditions: 94°C for 1 min followed by 30 cycles of 94°C for 5 s, 60°C for 5 s and 72°C for 5 s. The PCR products were resolved by 1% agarose gel electrophoresis. 16) One milligram of BCG was intraperitoneally injected into ddY mice, and 4 d later, peritoneal exudate cells were washed out with PBS (pH 7.4) through the anterior abdominal wall. Then, the peritoneal exudate cells were suspended in RPMI-1640 medium (Gibco) containing 5% FCS and 5-10ϫ10 5 cells/ml were incubated in 96-well culture plates in a humidified CO 2 incubator. After 2 h, nonadherent cells were washed out twice with PBS. Adherent cells were cultured in the medium containing 10 mg/ml LPS with or without test compound for 24 h. The percentage inhibition of NO production was measured as described above.
Inhibition of iNOS Gene Expression

Inhibition of NO Production by Murine Peritoneal Macrophages
DPPH Radical Scavenging Activity 17) DPPH radical scavenging activity was measured according to the procedure described previously with slight modification. Briefly, 0.5 mM DPPH radical solution in ethanol was prepared and 400 ml of this solution was mixed with an equal volume of test compound solution in ethanol. The concentrations of the test compound were 1, 3, 10, 30 and 100 mM. Radical scavenging activity was measured spectrophotometrically (U-1000 spectrophotometer, Hitachi, Japan) by calculating the decrease in absorbance at 517 nm. V.E was used as positive control.
Reducing Power 17, 18) According to the previously described procedure, a solution of test compound in 10% dimethylsulfoxide (100 mM, 100 ml) was mixed with 250 ml of phosphate buffer (0.2 M, pH 6.6). Then, 250 ml of potassium hexacyanoferrate (III) (1%) was added and incubation was carried out at 50°C. After 20 min, 250 ml of trichloroacetic acid (10%) was added and centrifugation was carried out at 3000 rpm for 10 min. Finally, 300 ml of the supernatant was mixed with 300 ml of distilled water and 60 ml of iron (III) chloride (0.1%) and the absorbance was measured at 700 nm. An increase in absorbance of the reaction mixture indicates an increase in reducing power.
Antioxidant Activity 18, 19) Antioxidant activity was measured according to the procedure described previously. Briefly, 0.02 M linoleic acid emulsion was prepared by mixing 0.14 g of linoleic acid and 0.14 g of Tween 20 in 25 ml of phosphate buffered saline (PBS, 0.02 M, pH 7.4). Fifty microliters of reaction solution containing 100 mM of test compound was mixed with 250 ml of the linoleic acid emulsion and 200 ml of PBS (0.02 M, pH 7.4). The reaction mixture was incubated at 37°C in the dark, and the degree of oxidation was determined by the thiocyanate method after 27, 76, 148 and 216 h. After sequentially adding 705 ml of 75% EtOH, 15 ml of 30% ammonium thiocyanate, 15 ml of the reaction solution and 15 ml of 0.02 M FeCl 2 , the absorbance at 500 nm was measured. The control was the linoleic acid emulsion without the test compound. The results are expressed as means of three experiments in each of which two measurements were performed.
Statistical Analysis Statistical comparisons were made by Student's t-test. pϾ0.05 was considered as significant. The means of data are represented together with S.E.M.
RESULTS
Inhibition of NO Production by Macrophages (J774.1 Cell Line and Murine Peritoneal
Macrophages) The six test compounds showed different effects on the LPS-induced NO production by J774.1 (Fig. 1) . Bl and Sc showed almost 100% inhibition of NO production at 100 and 30 mM, while Be showed 100% inhibition even at 10 mM. Be (IC 50 ϭ3.6) was the highest followed by Bl (IC 50 ϭ7.3), Sc (IC 50 ϭ12.2) and Ps.A (IC 50 ϭ40.4) in that order. LNMMA, an NO synthase inhibitor, showed 44.3% inhibition at 100 mM. Compared with J774.1, murine peritoneal macrophages were more sensitive to these compounds: Bl, Be and Sc showed 100% inhibition at 10 mM, and the results were similar to those at 100 mM in J774.1.
Inhibition of iNOS Gene Expression
The suppression of iNOS gene expression was measured using total RNA isolated from J774.1 at 100 mM. GAPDH gene as control was expressed in all wells with or without the test compound. After 10 h, LPS and the test compound were added, and total RNA was extracted and reverse-transcribed into cDNA. An 85 bp fragment was amplified in GAPDH, and a 75 bp fragment, in iNOS (Fig. 2) . Bl, Be and Sc almost completely inhibited iNOS gene expression, whereas Ps.A, Ps.B and Ps.C showed very weak inhibitory activity.
DPPH Radical Scavenging Activity The free radical scavenging activities of the six test compounds and V.E were almost concentration-dependent at 10, 30, and 100 mM. Bl (IC 50 ϭ57.4) and Ps.A (IC 50 ϭ62.2) showed 73.3% activity at 100 mM, which was higher than that of V.E (48%, IC 50 ϭ 142.6). The other four test compounds, Ps.C, Sc, Ps.B and Be, showed 37.7%, 29.8%, 17.4%, and 10.5% activity at 100 mM, respectively.
Reducing Power In Fig. 3 , the increased absorbance at 700 nm of the reaction mixture indicates an increase in reducing power. At 100 mM, the reducing powers of the six test compounds were higher than that of V.E, with that of Ps.A being the highest, followed by Bl, Sc, Ps.C, Ps.B, and Be in that order.
Antioxidant Activity Antioxidant activity was determined with the thiocyanate method that involved measurement of the amount of peroxide formed in linoleic acid emulsion during incubation. An increase in absorbance at 500 nm indicates an increase in concentration of the formed peroxides. In the control, the absorbance was gradually increased to reach a maximum after approximately 150 h (Fig. 4) . Sc showed almost 100% inhibition of peroxidation. Ps.B, Ps.C, Be and Bl also suppressed the increase in absorbance. On the other hand, the control better suppressed the formation of peroxide than Ps.A at the early stage of incubation.
DISCUSSION
We found that the methanolic extract of Sappan Lignum showed strong activity against lipopolysaccharide (LPS)-induced nitric oxide (NO) production by macrophages in vitro, and tried to identify the mechanism underlying the activity: whether the extract reduced NO production by scavenging produced NO or by suppressing iNOS gene expression. We also examined whether the five compounds isolated from Sappan Lignum were as active as brazilin, by comparing their properties in six tests.
The chemical structures of the constituent compounds in Sappan Lignum, such as brazilin and protosappanins, are unique. Whereas pharmacological studies have been conducted on brazilin, 20, 21) no work has been done on the other compounds because it is difficult to isolate them and their chemical structures are difficult to elucidate. Thus, we expected effects that are different from and stronger than that of brazilin.
Whereas Be and Sc effectively inhibited NO production by the cultured J774.1 cell line similarly to Bl, the protosappanins (Ps.A, Ps.B and Ps.C) were less effective. The results of iNOS gene expression supported the results of the NO inhibition assay. Thus, Be and Sc were proved to suppress iNOS gene expression. These results demonstrate that the mechanism of NO inhibition by these compounds was not to scavenge produced NO but to suppress iNOS gene expression. Then, we checked if the inhibitory effects of these compounds could be observed in another cell line. As a result, we found that the effects of these compounds were stronger in murine peritoneal macrophages than in the cultured J774.1 The test solution (100 mM) was mixed with potassium hexacyanoferrate (III) and incubated at 50°C. After 20 min, trichloroacetic acid and iron (III) chloride were added to the mixture, the absorbance was measured at 700 nm. The results are meansϮS.E. of 3 samples. Abbreviations are the same as in Fig. 1 .
Fig. 4. Antioxidant Activity of Compounds Isolated from Sappan Lignum
The test solution (100 mM) was mixed with linoleic acid and incubated at 37°C. Changes in the absorbance at 500 nm with time were measured. The results are means ϮS.E. of 3 samples. Abbreviations are the same as in Fig. 1. cell line. It seems that murine peritoneal macrophages were sensitive because they were not continuously subcultured cells.
The activities of the compounds in the NO inhibition tests were not the same as those in assays using chemical reagents; that is, Ps.A, Ps.B or Ps.C showed a certain degree of activity in tests (4), (5) and (6), although the activity was lower than that observed in assays using macrophage cells.
Only Bl and Ps.A showed high DPPH radical scavenging activity. The low activity of Be was expected because Be is the oxidative product of Bl. Although Ps.A, Ps.B and Ps.C have the same dibenzoxocin skeleton, only Ps.A showed high activity.
The strong reducing power of the six compounds was expected because of the presence of an ortho-substituted diphenol group. Similar results were obtained in Fig. 4 except Ps.A. In this case, the difference in chemical structure between Ps.A and Ps.B or Ps.C was considered to be the reason for the difference in activity. It seems that the dibenzoxocin structure was effective for scavenging radicals, not for inhibiting NO production.
In this study, we found that the compounds showed similar activity to brazilin. Depending on the compound, the mechanism of NO inhibition involved either scavenging of produced NO or suppressing iNOS gene expression. Brazilin was effective in all the six tests, while Sc and Ps.A were effective in some tests. Our findings are useful for the development of such drugs as iNOS inhibitors. Studies are in progress on the chemical structures and the pharmacological activities of other compounds in Sappan Lignum, the results of which will be presented in a forthcoming paper.
